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ABSTRACT

Near-real-time satellite-derived temperature and moisture soundings provide information about the changing at-
mospheric vertical thermodynamic structure occurring between successive routine National Weather Service (NWS)
radiosonde launches. In particular, polar-orbiting satellite soundings become critical to the computation of stability
indices over the central United States in the midafternoon, when there are no operational NWS radiosonde launches.
Accurate measurements of surface temperature and dewpoint temperature are key in the calculation of severe
weather indices, including surface-based convective available potential energy (SBCAPE). This paper addresses a
shortcoming of current operational infrared-based satellite soundings, which underestimate the surface parcel tem-
perature and dewpoint when CAPE is nonzero. This leads to a systematic underestimate of SBCAPE. This paper
demonstrates a merging of satellite-derived vertical profiles with surface observations to address this deficiency for
near-real-time applications. The National Oceanic and Atmospheric Administration (NOAA) Center for Environ-
mental Prediction (NCEP) Meteorological Assimilation Data Ingest System (MADIS) hourly surface observation
data are blended with satellite soundings derived using the NOAA Unique Combined Atmospheric Processing
System (NUCAPS) to create a greatly improved SBCAPE calculation. This study is not intended to validate
NUCAPS or the combined NUCAPS + MADIS product, but to demonstrate the benefits of combining observational
weather satellite profile data and surface observations. Two case studies, 18 June 2017 and 3 July 2017, are used in this
study to illustrate the success of the combined NUCAPS + MADIS SBCAPE compared to the NUCAPS-only
SBCAPE estimate. In addition, a 6-month period, April-September 2018, was analyzed to provide a comprehensive
analysis of the impact of using surface observations in satellite SBCAPE calculations. To address the need for reduced
data latency, a near-real-time merged satellite and surface observation product is demonstrated using NUCAPS
products from the Community Satellite Processing Package (CSPP) applied to direct broadcast data received at the
University of Wisconsin-Madison, Hampton University in Virginia, and the Naval Research Laboratory in Monterey,
California. Through this study, it is found that the combination of the MADIS surface observation data and the
NUCAPS satellite profile data improves the SBCAPE estimate relative to comparisons with the Storm Prediction
Center (SPC) mesoscale analysis and the NAM analysis compared to the NUCAPS-only SBCAPE estimate. An
assessment of the 6-month period between April and September 2018 determined the dry bias in NUCAPS at the
surface is the primary cause of the underestimation of the NUCAPS-only SBCAPE estimate.
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FIG. 1. High-density MADIS station locations. The color of the dot represents station
elevation (m).

1. Introduction

The timely issuance of severe weather watches and
warnings is important for public safety; however, the
accurate prediction of severe weather has many ob-
servational and modeling challenges (McNulty 1995;
Cintineo et al. 2014; Johns and Doswell 1992). Near-
real-time satellite observations can provide forecasters
the supplemental knowledge they need to issue these
timely and accurate watches and warnings (Rothfusz
et al. 2014; Smith et al. 2009). The convective available
potential energy (CAPE) is a well-established measure
of buoyancy-driven atmospheric instability that is com-
puted from vertical profiles of temperature and water
vapor (Blanchard 1998; Doswell and Rasmussen 1994;
Holley et al. 2014). CAPE is important in forecasting
severe weather, and is also used to derive other severe
weather parameters including the bulk Richardson
number (BRN), the significant tornado parameter (STP),
and the supercell composite parameter (SCP). (Bunkers
et al. 2002; Riemann-Campe et al. 2009). The following
equation defines CAPE (Blanchard 1998):

EL (Tu,parcel - Tv,env)

LFC

CAPE = gJ dz, 1)

v,env

where the bounds of the integral are the equilibrium level
(EL) and the level of free convection (LFC), respectively.
The virtual temperature of the parcel is T, parcel, and
T, env 1s the virtual temperature of the environment. The
virtual parcel is used to calculate CAPE since it includes
the effects of moisture on density via the virtual tem-
perature. There are many variations in the selection of
the parcel to be lifted in the computation (Doswell and
Rasmussen 1994). The three most common parcel types
are surface-based parcels (SBCAPE), mean-layer or
mixed-level parcels (MLCAPE), and most unstable par-
cels (MUCAPE) (Rochette et al. 1999; Thompson et al.
2002; Craven et al. 2002). Craven et al. (2002) have shown
that the mixed-layer parcel is best for estimating cloud
base height and the lifting condensation level (LCL),
however, it is noted that there is value in the use of the
surface-based parcel to provide convective estimates be-
tween radiosonde site locations and launch times. This
study uses the SBCAPE to provide nearly contiguous
spatial coverage at satellite overpass times, which fill in
the temporal sampling gaps between radiosonde launch
times in the continental United States (CONUS).

There are certain thresholds for CAPE values that
forecasters use to define categories for describing po-
tential risk assessment in the mesoscale discussions



AuacusT 2019

according to the National Oceanic and Atmospheric
Administration (NOAA)/National Weather Service
(NWS) Storm Prediction Center (SPC). CAPE values
less than 1000 J kg ! are considered weak instability,
1000-2500J kg~ ! are moderate instability, 2500-4000J kg
are strong instability, and values above 4000Jkg ' are
considered extreme instability (https://www.spc.noaa.gov/
sfctest/help/sfcoa.html). Traditionally, forecasters have
relied on upper-air soundings using weather balloons for
verification of numerical weather model forecasts, but
these are only launched twice a day at 0000 and
1200 UTC, or 1900-1600 and 0700-0400 local standard
time from eastern standard time to Pacific standard
time. These launch times are inconvenient in the conti-
nental United States for identifying severe weather be-
cause they are launched well before and after maximum
daytime heating when thunderstorms initiate (Gartzke
etal. 2017). It should be noted that special soundings are
launched during certain severe weather events, but this
is not a daily occurrence. Satellite vertical sounding data
from hyperspectral infrared sensors are a potential re-
source to determine the atmospheric conditions be-
tween radiosonde launches and between launch sites
assuming low latency is provided. In particular, polar-
orbiting weather satellite overpasses from EUMETSAT
MetOp with the Infrared Atmospheric Sounder In-
strument (IASI) have a 0930 and 2130 local overpass
time. The National Aeronautics and Space Adminis-
tration (NASA) Aqua satellite with the Atmospheric
Infrared Sounder (AIRS) instrument and the Suomi
National Polar-Orbiting Partnership (SNPP) and
NOAA-20 satellites with the Cross-Track Infrared
Sounder (CrIS) instrument have a local overpass time of
about 0130 and 1330. These overpasses occur conve-
niently between the operational NWS radiosondes in
the continental United States (Goldberg et al. 2013). In
addition to better temporal sampling, satellite sounder
data can provide improved spatial coverage between
NWS radiosonde launch sites with a spatial sampling of
about 50km instead of 250-km spacing between NWS
launch sites. The value of using polar-orbiting satellite
sounding data has been recognized at the NOAA
Hazardous Weather Testbed (HWT) Spring Experi-
ments held at the NWS SPC (https://hwt.nssl.noaa.gov/)
(Wheeler et al. 2018).

The NOAA Unique Combined Atmospheric Pro-
cessing System (NUCAPS) was developed to provide
global atmospheric vertical temperature and moisture
profiles from NOAA operational weather satellites and
has been extended to include EUMETSAT MetOp
weather satellites (Gambacorta and Barnet 2013;
Gambacorta 2013; Gambacorta et al. 2014a,b, 2015,
2017). NUCAPS products are derived from the
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FI1G. 2. Example MADIS surface dewpoint data for 1800 UTC 18
Jun 2017. (a) The individual stations with the reported surface
dewpoint. (b) The station data averaged onto a 0.7° X 0.7° grid.
(c) The smoothed gridded data is achieved with a 3 X 3 boxcar
spatial convolution.

255

combined use of satellite-based microwave and infrared
radiance observations. NUCAPS is currently used to
process the CrIS and the Advanced Technology Mi-
crowave Sounder (ATMS) suite of instruments cur-
rently onboard the NASA SNPP satellite and on
NOAA-20 as well as the IASI, the Advanced Microwave
Sounding Unit (AMSU), and the Microwave Humidity
Sounder (MHS) suite of instruments on board the
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FIG. 3. (a) The eastern daytime overpass of the NUCAPS satellite surface dewpoint estimate at 1827 UTC 18 Jun
2017, which is matched with (c) the smoothed hourly contour plot of MADIS observed surface dewpoint at
1800 UTC on the same day. (b) Similarly, the subsequent overpass covering the western United States on the same
day at 2009 UTC is matched with (d) the hourly MADIS data at 2000 UTC.

SPC Day 1 Outlook and Prelim. Reports Valid:
1630 UTC 06/18/2017 to 1200 UTC 06/19/2017
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WIND 126
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FIG. 4. SPC convective outlook for 1630 UTC 18 Jun 2017 and storm reports for the valid
time (https://www.spc.noaa.gov/exper/archive/events/). The red outline depicts the region de-
scribed in the SPC mesoscale discussion 1087 valid for the same day at 1900 UTC.
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FIG. 5. SPC severe weather event archives mesoscale analysis of
SBCAPE (red contours) and SBCIN (blue fill) for (a) 1200 and
(b) 1800 UTC 18 Jun 2017.

MetOp satellites (Gambacorta 2013) with global prod-
ucts archived at NOAA Comprehensive Large Array-
data Stewardship System (CLASS). For near-real-time
applications, NUCAPS has been implemented in the
Community Satellite Processing Package (CSPP) for
processing direct broadcast (DB) data from SNPP and
NOAA-20 that provides a product latency of less than
30min (http://cimss.ssec.wisc.edu/cspp/). One of the
outcomes of this study is the near-real-time visualiza-
tion of polar-orbiting sounder atmospheric stability
products using the Space Science and Engineering
Center (SSEC) visualization tool RealEarth (https:/
realearth.ssec.wisc.edu/) derived from DB CSPP NUCAPS
data collected at stations in Hampton, Virginia; Madison,
Wisconsin; and Monterey, California. The visualization
of these products is discussed in the appendix.
NUCAPS has been running operationally since
2013 using SNPP CrIS/ATMS data. The NUCAPS
global temperature and moisture profile Environmental
Data Records (EDR) products have been thoroughly
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FI1G. 6. (a) NUCAPS surface-based CAPE estimate without
MADIS data, and (b) the same NUCAPS data for the same date
and time as in (a) but combined with MADIS surface data. The
images are from the afternoon overpasses on 18 Jun 2017. The
overpasses displayed are from 1651 to 2151 UTC from east to west.

validated (Nalli et al. 2018; Sun et al. 2017). Stability
indices derived from NUCAPS are proven to be useful
in evaluating preconvective environments, which was
evaluated in a study by Iturbide-Sanchez et al. (2018).
However, because of the increased opacity of the
boundary layer and, for land regimes, uncertainties in
the surface emissivity, satellite soundings often suffer
from a cold and dry bias when estimating the surface
parcel (Gambacorta and Barnet 2013, 2018). The vali-
dation of both NUCAPS and AIRS, version 5, sounding
profiles show an increased uncertainty in the boundary
layer over land (Nalli et al. 2018; Tobin et al. 2006;
Susskind et al. 2011). This can lead to an underestimate
of satellite-derived SBCAPE (Gartzke et al. 2017).

In an attempt to address this known deficiency,
Dostalek et al. (2017, 2018) developed a correction of
the NUCAPS boundary layer retrieval. The correction
replaces NUCAPS surface temperature and dewpoint
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F1G. 7. The NAM CAPE analysis for 1800 UTC 18 Jun 2017.

temperature with nearby data from the Real Time Me-
soscale Analysis (RTMA) (De Pondeca et al. 2011) and
creates a new boundary layer by the use of a simplified
mixed-layer model as described in Bowlan and Calhoun
(2018). These experimental products are currently un-
der evaluation by forecasters using the NWS Advanced
Weather Interactive Processing System (AWIPS-II) vi-
sualization software at the NWS SPC during the annual
HWT training sessions (Wheeler et al. 2018).

In this study, a purely observational approach is used
to adjust the estimate of SBCAPE. Previous work by
Gartzke et al. (2017) showed that there is poor corre-
lation (0.3) between AIRS SBCAPE and coincident
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radiosondes, but the correlation dramatically improved
(0.95) when the satellite surface parcel estimate was
replaced by the radiosonde surface observation. The
current paper describes a follow-on to the Gartzke et al.
(2017) study with the following objectives: 1) develop
an observation-only SBCAPE estimate using blended
surface observations and satellite soundings, 2) create
a near-real-time low-latency NUCAPS + surface ob-
servations SBCAPE product over CONUS using DB
stations, and 3) demonstrate the near-real-time visuali-
zation of SBCAPE and other NUCAPS stability indices
on any computer and hand-held device without the need
for custom software. This work is not intended to vali-
date NUCAPS or the combined NUCAPS + MADIS
product, but to demonstrate the benefits of combining
observational weather satellite profile data and surface
observations.

A description of the data used in this study is provided
in section 2, and the methodology used to create a
merged product in section 3. An illustration of the
merged product results is given in section 4 followed by
conclusions. The appendix provides further detail of the
near-real-time demonstration using SSEC’s RealEarth.

2. Data

The surface data used in this study come from
the NOAA Meteorological Assimilation Data In-
gest System (MADIS) meteorological surface observa-
tions (https://madis.ncep.noaa.gov/). NOAA MADIS
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14 2in+
WIND 82
81 ® 50kt+
1 m 65kt+
TORN 2

2 e Torn
TOTAL 107

Categorical Outlook Legend:
1: MRGL
JENH 4 MDT

2: SLGT
5: HIGH

FIG. 8. SPC convective outlook for 1630 UTC 3 Jul 2017 and storm reports for the valid time
(https://www.spc.noaa.gov/exper/archive/events/).
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FIG. 9. SPC severe weather event archives mesoscale analysis of
SBCAPE (red contours) and SBCIN (blue fill) for (a) 1200 and
(b) 1900 UTC 3 Jul 2017.

provides a high density of surface station data with
near-real-time availability. The NOAA MADIS sys-
tem ingests the station data in real time, performs
quality control, computes hourly averages, and cre-
ates an hourly output file containing all the station
data over CONUS and selected stations from Canada
and Mexico (Miller et al. 2005). A core network
contained within MADIS is the NWS Automated
Surface Observing Systems (ASOS), which are pri-
marily located at airports around the United States.
The density of MADIS stations is illustrated in Fig. 1.
The high density of surface observations comes from
transportation and other state and regional networks.
The hourly MADIS surface observations used in this
study are obtained from the public website (https://
madis-data.ncep.noaa.gov/madisPublicl/data/LDAD/
mesonet/netCDF/). The files obtained from MADIS
are in netCDF format and the variables used in this
study include surface temperature, dewpoint, latitude,

BLOCH ET AL.

1619

5000

4500

4000

3500

3000

2500

2000

1500

1000

3500

3000

2500

2000

1500

1000

20 L L L
-130 120 110 -100 90 -80 -70 -60

FIG. 10. Asin Fig. 6, but for the case study from 1708 to 2210 UTC3
Jul 2017.

longitude, pressure, and elevation for each hour of
the day.

The satellite data used in the near-real-time applica-
tion of this study are weather satellite data from SNPP
obtained in near-real time from the DB systems at the
University of Wisconsin—-Madison SSEC, Hampton
University in Hampton, Virginia, and the Naval Re-
search Laboratory (NRL) in Monterey, California. The
case study data from 2017 were processed using CSPP
NUCAPS, version 110, while the 6-month analysis (April-
September 2018) was processed using CSPP NUCAPS,
version 210, from SNPP. (http://cimss.ssec.wisc.edu/cspp/).
DB CSPP NUCAPS data are publicly available in near—
real time from the SSEC ftp site (ftp:/ftp.ssec.wisc.edu/
pub/eosdb/npp/cris/). Within each overpass, the NUCAPS
product files containing 32s of sounding data are com-
bined into a single data swath from just after the DB
initial contact time to the time telemetry contact is lost
at the receiver site. The variables used in this study
from the NUCAPS netCDF file include time, latitude,
longitude, topography, surface pressure, quality flag,
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F1G. 11. NAM CAPE analysis for 1800 UTC 3 Jul 2017.

vertical pressure coordinate, and temperature and water
vapor mixing ratio profiles. The pressure and tempera-
ture are level quantities, and the water vapor mixing
ratio is a layer quantity (Gambacorta 2013). The meth-
odology for handling the pressure levels and layers is
described in section 3b. Note that the NUCAPS netCDF
format files contain surface pressure, but do not contain
an estimate for near-surface temperature or near-
surface water vapor mixing ratio. The method for es-
timation of the surface values is also described in
section 3b.

3. Methodology

In this paper, the MADIS surface temperature and
dewpoint observations are substituted for the near-
surface estimates from coincident NUCAPS vertical
profiles of temperature and water vapor prior to the
computation of SBCAPE to more accurately reflect the
true surface parcel. This fixes a problem with the polar-
orbiting sounder estimates of the near-surface parcel,
which have been shown to underestimate the tempera-
ture and dewpoint for atmospheric conditions where
CAPE is greater than zero (Gartzke et al. 2017). Hourly
MADIS surface observations are matched in space and
time with NUCAPS vertical profiles on a spatial grid,
and SBCAPE is calculated using the Sounding and
Hodograph Analysis and Research Program in Python
(SHARPpy) tool (Blumberg et al. 2017). This is a py-
thon software library derived from the National Center
Sounding and Hodograph Analysis and Research Pro-
gram (NSHARP) and SHARP software used at the
Storm Prediction Center (Hart et al. 1999). The open-
source software routines introduced in Halbert et al.
(2015) are used to perform the CAPE calculations in this
study. (The source code for SHARPpy was downloaded
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FIG. 12. (a) The SBCAPE difference of NUCAPS-only
SBCAPE and the combined NUCAPS + MADIS SBCAPE for the
18 June 2017 case study for daytime overpasses between 1651 and
2151 UTC. (b) Asin (a), but for the 3 Jul 2017 case study between
1708 and 2210 UTC.

from GitHub at https://github.com/sharppy/SHARPpy.)
The ““parcel” routine from the “‘params.py’”’ module is
used to compute CAPE and other instability parameters.
The surface parcel temperature and dewpoint that is used
in the SBCAPE SHARPpy calculation is from the input
profile at the surface pressure. An automated process is
used to compute SBCAPE on a 0.7° X 0.7° grid for each
overpass of the SNPP satellite using data from SSEC’s
DB antenna in near-real time. Subsequent satellite
overpasses are merged onto the grid centered over
CONUS. The contoured SBCAPE product is displayed
in near-real time on SSEC’s RealEarth. An example of
the near-real-time visualization is shown in the appendix.

a. MADIS surface data

The MADIS data stream is used in this study because
of the high station density across the United States as
well as into Canada and Mexico and is a good fit to the
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FIG. 13. Scatterplot comparing the SBCAPE difference between NUCAPS only and combined NUCAPS
MADIS, and the difference between (a) surface temperature and (b) surface dewpoint of NUCAPS and MADIS
for the 18 June 2017 case study. The symbols indicate the CAPE instability category of the combined NUCAPS +

MADIS SBCAPE value.

NUCAPS nominal spatial resolution of about 50km.
Hourly surface station data is obtained automatically
from NOAA MADIS. There are 4 stages of quality
checks for the MADIS meteorological surface data that
are based on the NWS Techniques Specification Pack-
age (TSP) and are listed in the netCDF file. Stage 1 in-
cludes validity and position consistency checks, stage 2
includes temporal, internal, and model consistency
checks, stage 3 includes spatial and statistical spatial
consistency checks, and stage 4 is the Kalman filter.
There is also a “‘reject list,”” where if observations are
included in the list, they will be rejected if this quality
control (QC) is applied. If any of the following QC flags
are true for the MADIS temperature and dewpoint
observations, the data are ignored and not included in
the study: “No QC applied,” ““‘Passed QC stage 1,”
“Failed QC stage 1,” “Passed QC stage 1, but failed
stages 2 or 3,” and “‘Included in reject list.”” After the
quality control is applied, the surface observations are
then put onto a 0.7° X 0.7° grid, which is similar in size to
the NUCAPS spatial resolution of about 50-75km.

Data from stations that fall within the same grid cell are
averaged. Once the data are gridded, a 3 X 3 boxcar
spatial convolution centered on each grid cell smooths
the data to fill in missing grid cells. The method to
convert MADIS station data to a contiguous grid over
CONUS is illustrated in Fig. 2.

b. NUCAPS profile data

As indicated in section 2, the NUCAPS vertical pro-
files are routinely generated at the University of
Wisconsin—-Madison SSEC using CSPP software from
data obtained at DB antenna sites, including one at the
University of Wisconsin—-Madison. This paper uses
NUCAPS soundings from the SNPP satellite; however,
the same methodology can be applied to the NOAA-20
polar-orbiting weather satellite and to the EUMETSAT
MetOp series of weather satellites. The NUCAPS ver-
tical profiles of temperature and water vapor mixing
ratio are output on a fixed pressure scale with 100 ver-
tical points (Gambacorta 2013). The same gridding and
smoothing methodology described in section 3a for the
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FIG. 14. As in Fig. 10, but for the 3 Jul 2017 case study.

MADIS surface observations was applied to each of the
levels for both temperature and dewpoint. The dewpoint
was converted from the NUCAPS pressure, tempera-
ture, and mixing ratio. An important detail to note is
that the temperature profile is defined on pressure-
level boundaries, but the mixing ratio values represent
the layer mean (Gambacorta 2013). In this study, the
NUCAPS product mixing ratio profile is converted from
layers to levels by interpolation from the layer mean
pressure to the NUCAPS fixed pressure levels. Then the
level mixing ratio values, the level temperature values,
and the level pressure values are used to calculate the
dewpoint using the Goff-Gratch formulation from the
sixth revised edition of Smithsonian Meteorology Ta-
bles (Lowe 1977; Goff and Gratch 1946).

A special method is required to compute the
NUCAPS near-surface dewpoint from the NUCAPS
fixed pressure levels. To calculate these quantities, the
first valid layer of water vapor mixing ratio is multiplied
by the factor

)

[Eq. (7) from Nalli et al. (2013)], where p; is the surface
pressure, P; is the level pressure, and the index [, de-
notes the first valid level in the sounding profile closest
to the surface. This formula accounts for the manner in
which the water vapor column density is assigned to the
NUCAPS output files by layer. The bottom-layer dew-
point is then calculated from the bottom-layer water
vapor mixing ratio using an estimate of the layer pres-
sure and layer temperature. The explicit assumption
used in this study is that the NUCAPS retrieval of the
mean layer closest to the surface is a valid estimate of
the near-surface mixing ratio. In particular, there is not
enough information in the satellite observations to de-
termine the near-surface water vapor content at the 2-m
height, but there could be skill in the determination of
the layer column density above the surface. This issue is
an active focus of current calibration and validation
activities for the NUCAPS operational product, which
are using similar analyses of SBCAPE to assess the
NUCAPS performance in the atmospheric boundary
layer. The CSPP NUCAPS retrieval is expected to be
different from the operational NUCAPS retrieval.
NUCAPS operates a cloud-clearing scheme on the
basis of a cluster of adjacent fields of view (FOVs).



AuacusT 2019

BLOCH ET AL.

1623

310 a)
T T T T T
O  Weak (50-1000 J/Kg)
305 |- Moderate (1000-2500 J/Kg) -
° Strong (2500-4000 J/Kg)
5 4  Extreme (>4000 J/Kg)
S 300 [ .
o)
£
o
|°_’ 295 - . -
&
<
S 200 8 -
2
z @
285 |- o o —
@
280 | | | | |
280 285 290 295 300 305 310
MADIS Temperature
300 T T T T T
O Weak (50-1000 J/Kg)
295 |- Moderate (1000-2500 J/Kg) ]
Strong (2500-4000 J/Kg) o)
- %  Extreme (4000 J/Kg) (e *
£ Koo
g 290 - *o .
2 o
a
P 285 - —
.
©
Q 280 K .
=z
275 - -
270 | | |
270 275 280 295 300

MADIS Dewpoint

FI1G. 15. Scatterplot of NUCAPS and MADIS (a) surface temperature and (b) dewpoint for the 18 Jun 2017 case
study. The symbols indicate the CAPE instability category of the combined NUCAPS + MADIS SBCAPE value.

The operational software uses 9 FOVs. Because of
limitations in the downlink bandwidth of the direct
broadcast antenna, the CSPP software uses 7 FOVs.
Preliminary comparisons of operational NUCAPS from
NOAA CLASS and DB CSPP indicate differences in
SHARPpy calculations of SBCAPE that can be signifi-
cant. However, when MADIS surface observations are
used as the surface parcel in the CAPE calculation, the
differences between CLASS and CSPP are minimal. In
this study, CSPP NUCAPS is used because of the near-
real-time availability of the data.

c. Surface-based CAPE

To merge the surface observations with the satellite
profiles, the different observation times must be con-
sidered. The MADIS surface data are hourly, but the
NUCAPS data vary in time because of day-to-day
variations in the local satellite overpass times. The
NUCAPS data are matched with the closest hourly
MADIS file to the satellite overpass time. An example
of this matchup is shown in Fig. 3. The NUCAPS over-
pass covering the eastern United States at 1827 UTC
was matched with the 1800 UTC MADIS surface ob-
servation time. The subsequent NUCAPS overpass

covering the central United States occurred at 2009
UTC and was matched to the 2000 UTC MADIS surface
observations.

The SHARPpy software, which is used to calculate
the SBCAPE, was designed for use with NWS radio-
sondes, which are defined on pressure levels, not layers.
For this reason, a table of values for the 100 NUCAPS
fixed pressure levels is constructed containing height,
pressure, temperature and dewpoint. Once the MADIS
and the NUCAPS files are gridded and matched in time,
the MADIS surface 2-m temperature and surface 2-m
dewpoint replace the NUCAPS surface data. The height
above ground for each pressure level is calculated using
the hypsometric equation. Using the height profile, an
interpolation of the NUCAPS profiles to 202 height levels
as described in Gartzke et al. (2017) was conducted. This
interpolation improves the vertical integration used in the
SHARPpy calculation of SBCAPE.

4. Results

Two cases during the summer of 2017 were selected to
illustrate the near-real-time characteristics of the blending
of surface observations with NUCAPS satellite-derived
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FIG. 16. As in Fig. 13, but for the 3 Jul 2017 case study.

temperature and moisture soundings. The results in-
dicate the dramatic impact that the use of surface ob-
servations can have on the estimates of CAPE when
using satellite-derived thermodynamic profiles. These
cases were chosen because they are representative of
conditions with a warm, moist boundary layer and high
observed CAPE values. Finally, a comprehensive anal-
ysis in the CONUS region is presented for the 6-month
time period, April-September 2018, which covers the
most convectively active time of the year.

a. 18 June 2017 case study

On 18 June 2017, severe storms occurred throughout
the eastern United States that brought damaging hail
and strong winds. Storm reports from the SPC website
are shown in Fig. 4. According to the SPC severe
weather events archive, the atmospheric conditions
leading to the storms that occurred later in the day were
conducive to convective initiation (spc.noaa.gov/exper/
archive/events/). In the eastern United States, dewpoint
values remained high throughout the day starting at
0900 UTC with surface dewpoint values ranging from the
low 60s in the Northeast to the high 60s and low 70s (°F) in
the southeast in South and North Carolina, Tennessee,
Georgia, and Florida (https://www.spc.noaa.gov/exper/

surfaceMaps/). These values remained fairly consistent
throughout the day, creating a moist boundary layer, and
around 1930 UTC, the SPC mesoscale discussion 1087
stated “‘surface dewpoints [are] holding in the middle 60s
to lower 70s (°F)” in central Pennsylvania, New York,
and Vermont. The region described in the mesoscale
discussion is outlined in Fig. 4. Temperatures for the same
area ranged from the low to high 70s (°F) at 0900 UTC
and steadily increased. By 1800 UTC, temperatures were
in the mid- to high 80s (°F). The MADIS surface obser-
vations during this time shown in Figs. 3c and 3d are
consistent with the SPC surface observations and the
mesoscale discussion for dewpoint values around
1800 UTC. Figure 3 also illustrates that the NUCAPS
surface estimate had much lower dewpoint values
than those observed by MADIS station observations
at the time of the overpass.

At 1200 UTC 18 June 2017, the East Coast boundary
layer was stable, with SBCAPE values from 0 to
1000Tkg ™' and surface-based convective inhibition
(CIN) values around —100J kg ~' according to the me-
soscale analysis data graphic from the SPC severe
weather event archive shown in Fig. 5a. CIN represents
the negatively buoyant force that prevents free con-
vection and is used alongside CAPE in forecasting.
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FIG. 17. Mean values of nonzero SBCAPE over the 6-month period from April to September
2018, for (a) NUCAPS only, (b) NUCAPS + MADIS, and (c) their difference.

in the Texas and Oklahoma Panhandles and central
Oklahoma (https://www.spc.noaa.gov/exper/surfaceMaps/).
By 1900 UTC, there was minimal CIN present in the
Oklahoma and Texas Panhandles, and SBCAPE values
ranged from 2500 to 4000J kg~ " (Fig. 9b). The range of
temperatures in this area rose to the low 80s to low 90s (°F),
and the dewpoint temperatures remained fairly constant.

Figure 10 shows another example of the dramatic
differences in the SBCAPE calculation that result from
the combined satellite and surface values for this case
study. Much like the 18 June 2017 case, the NUCAPS-
only estimate of SBCAPE does not reflect high
SBCAPE values throughout the severe weather areas
in Oklahoma and the Texas Panhandle (Fig. 10a).
Figure 10b (NUCAPS + MADIS) shows SBCAPE
values from 2500 to 5000 kg ' where the MCS de-
velops in the Texas and Oklahoma Panhandles and in
central Oklahoma, whereas Fig. 10a (NUCAPS only)

does not capture the high SBCAPE values in the area of
the storm’s formation. The high SBCAPE values from
NUCAPS + MADIS are more consistent with the SPC
analysis shown in Fig. 9b. The NAM CAPE analysis for
1800 UTC is shown in Fig. 11. The NUCAPS profile merged
with the MADIS surface data observe the strong gradient
of SBCAPE in northern Iowa into southern Wisconsin that
is also captured in the NAM model analysis. The
NUCAPS + MADIS and the NAM analysis both observe
strong SBCAPE values through Texas, Louisiana, and
Miississippi. This case study also exhibits the value of the
combined use of satellite profiles and surface observations.

c. Case study statistics

To quantify the impact of using MADIS surface ob-
servations in these cases, the difference was computed
between NUCAPS-only SBCAPE and the combined
NUCAPS and MADIS SBCAPE, as seen in Fig. 12.


https://www.spc.noaa.gov/exper/surfaceMaps/
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FIG. 18. As in Fig. 17, but only MADIS temperature is used in the SBCAPE calculation.

200000 nonzero CAPE samples. Despite the larger sta-
tistics, the differences in SBCAPE and in the near-surface
air temperature and dewpoint for the 6-month period are
very consistent with the case study results in Table 1. These
results are also consistent with the 10-yr statistical analysis
presented in Gartzke et al. (2017), which evaluated NASA
AIRS, version 6, soundings (Susskind et al. 2014).

To understand the individual effects of the MADIS
surface temperature and dewpoint, the NUCAPS +
MADIS SBCAPE was calculated using the MADIS
surface temperature while retaining the NUCAPS sur-
face dewpoint value (Fig. 18). The differences observed
in Fig. 18c between the NUCAPS-only and NUCAPS +
MADIS temperature SBCAPE are fairly minimal
(500Jkg™"). The MADIS dewpoint-only study was
done by calculating the NUCAPS + MADIS SBCAPE
using the MADIS surface dewpoint, while the NUCAPS
surface temperature retrieval was retained (Fig. 19). In
this case, the differences in the SBCAPE calculation are

much larger than when only the MADIS temperature was
used. Figure 19¢ shows differences on the order of 1000—
1500J kg~ ! throughout the Midwest and eastern United
States, and is similar to the combined effect of changing
both surface temperature and dewpoint shown in Fig. 17c.
Therefore, we conclude that the dry bias in the NUCAPS
surface dewpoint used in this study was the primary cause
of the NUCAPS-only low SBCAPE values.

5. Conclusions

Satellite hyperspectral infrared soundings can be
useful in forecasting severe weather events occurring
between synoptic radiosonde launches. However,
satellite-derived stability indices such as CAPE can
suffer from a lack of information in the satellite mea-
surement of the boundary layer. SBCAPE is important
because it can identify an unstable atmosphere, which
is a key ingredient in convection and severe weather.
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FIG. 19. As in Fig. 17, but only MADIS dewpoint is used in the SBCAPE calculation.

In this study, it was found that there is a large difference
between the SBCAPE calculated using NUCAPS
satellite-only data and the SBCAPE calculated using
surface observations merged with satellite-retrieved
profiles. This difference is attributed to an inherent
characteristic of the passive sounding, which provides an
average over a thick layer near the surface. This leads to
an underestimation of the surface temperature and
dewpoint for moist daytime cases, which leads to an
underestimate of SBCAPE, particularly in strong in-
stability cases. A difference of less than a degree in
surface temperature and dewpoint can result in a dra-
matically different SBCAPE value. The assessment of
the 6-month period between April and September
2018 determined the dry bias in the NUCAPS surface
dewpoint temperature is the primary cause of the un-
derestimation of the NUCAPS-only SBCAPE estimate.
The combination of the MADIS surface observation
data and the NUCAPS satellite profile data improves

the agreement with the SPC mesoscale analysis and
the NAM analysis compared to the NUCAPS-only
SBCAPE estimate. This combined observational prod-
uct can provide forecasters with additional information
to compare to model analyses, in particular, the location
of unstable air masses at the time of the satellite over-
pass, which may differ from the forecast.

This study has demonstrated near-real-time SBCAPE
generation using hourly MADIS data merged with co-
incident satellite direct broadcast NUCAPS products
from operational polar-orbiting weather satellites. The
results are consistent with those of Gartzke et al. (2017),
which compared AIRS-derived SBCAPE to coincident
Vaisala radiosondes. The results in this paper com-
plement those in Iturbide-Sanchez et al. (2018) by pro-
viding an additional assessment of SBCAPE derived
from operational NUCAPS profiles. While this study
focused on a low-latency direct broadcast product, the
results will be used to improve future versions of the global
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F1G. Al. Example of NUCAPS + MADIS SBCAPE displayed on RealEarth along with the
global infrared overlay and radar for 14 Sep 2018. Valid from 1834 (East Coast) to 2016 (West
Coast) UTC during the landfall of Hurricane Florence.

operational NUCAPS product. Future work includes as-
sessing the accuracy of other severe weather indices, in
particular CIN. In addition, the spatial resolution of the
MADIS product will be improved by the use of a finer grid,
which may provide enhanced small-scale structure in-
formation on SBCAPE. The near-real-time direct broad-
cast demonstration will be extended to include NUCAPS
retrievals obtained from the operational NOAA-20
satellite in the early afternoon polar orbit and the late-
morning overpasses of the MetOp satellites. The
combined use of NUCAPS + MADIS SBCAPE ob-
tained from these operational weather satellites will
provide additional time sampling useful to capture the
diurnal trend of a preconvective or convective envi-
ronment that can lead to severe weather.
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APPENDIX

Near-Real-Time Display of Combined
NUCAPS + MADIS Products

In this study, near-real-time data are emphasized be-
cause of the importance of using the satellite sounding
information to observe the preconvective environment.
The NUCAPS profiles from direct broadcast allow these
products to run in near-real time with a latency of 15—
30min after each overpass. Forecasters at the HWT
spring experiment 2018 emphasized the importance of

getting NUCAPS data with a latency of less than an hour
for forecasting use. The combined NUCAPS MADIS
SBCAPE product is displayed on RealEarth from SSEC
in near-real time, along with 5 other combined NUCAPS
MADIS products: surface-based CIN, surface-based lifted
index, mean-layer CAPE, mean-layer CIN, and mean-
layer lifted index (https:/realearth.ssec.wisc.edu/). These
other parameters are also stability indices computed
using SHARPpy and can help in forecasting convective
weather. These products, along with the SBCAPE, are
located under the tab “JPSS-NUCAPS” under “Prod-
ucts.” RealEarth is a visualization tool from University
of Wisconsin-Madison-SSEC that updates in near-real
time. It provides a user-friendly interface available
through any Internet browser or on the SSEC RealEarth
mobile application. The NUCAPS + MADIS combined
products are derived from subsequent overpasses and
are displayed to create a geotiff image over CONUS that
updates on RealEarth within seconds of generation. An
example of the RealEarth interface is displayed in
Fig. Al during Hurricane Florence, which can be seen
making landfall on North Carolina.
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